A batch enrichment technique was used to isolate atrazine-degrading Rhodococcus sp strain from an agricultural land with history of atrazine application in Bauchi state, Northeastern Nigeria. The strain was identified on the basis of physiological, biochemical and 16S rRNA gene sequencing. Growth studies and HPLC analysis showed that the strain has potential of atrazine degradation. An investigation into the catabolic genes Atz ABC, which transform atrazine to cyanuric acid, confirms the chromosomal DNA of strain to harbor BC genes, as compared with the positive control, Rhodococcus jostii RHA1. The strain does not possess the Atz A in all catabolic gene probe carried out. The isolation and characterization of the Rhodococcus sp strain showed that catabolic genes may have evolved from a single origin with widespread global distribution, with possible potential in atrazine bioremediation.
Introduction
Atrazine, an herbicide used for controlling grassy weeds in maize (Zea mays) cultivation in the world, Nigeria inclusive, is a source of concern due to its hazardous nature. It has been banned in many European countries, but in Nigeria it is still in demand, due to cheap price and availability in all agrochemical dealership all over the country. This has prompted scientist to seek for measures to decontaminate environments polluted with recalcitrant xenobiotics through bioremediation options [1] . Majority of these chemical pollutants can be degraded by microorganisms, often by enzymes that degrade these compounds. The widely-studied Pseudomonas strain ADP has been thoroughly evaluated to contain catabolic genes that encodes degradation of atrazine through Atz ABC [2] . The genes Atz A, B and C, which encodes these enzymes, have been cloned and sequenced. Atrazine chlorohydrolase (Atz A), Hydroxyatrazine ethylaminohydrolase (Atz B) and N-isopropylammelide isopropylaminohydrolase (Atz C) sequencially convert atrazine to cyanuric acid [3] . Further degradation of cyanuric acid have been achieved by many soil bacteria and fungi [4] , to carbon dioxide and ammonia [5] . Based on this knowledge, several attempts have been to determine catabolic genes in many atrazine degrading bacteria [6] [7] [8] . The pathway for atrazine catabolism to cyanuric acid in Pseudomonas sp strain ADP [3] is as Figure 1 .
Comparison of enzyme and gene structure of novel strain in various geographical areas will help in the better understanding of gene transfer and evolution. In this work, a novel atrazine-degrading strain of Rhodococcus sp was isolated from a Nigerian Agricultural soil and subjected to catabolic gene analysis, to further ascertain global gene distribution and conservation.
Materials and Methods
Sampling sites: An agricultural soil with history of atrazine application from a Maize (Zea mays) cultivated land in Dass Local Government Area, Bauchi state, Nigeria, was collected. The land has been annually treated with commercial atrazine for more than five years to control grassy weeds. Soil samples were collected on weekly basis for 5 weeks in the first phase and randomly in later stages of investigation. 100 gram each of soil sample was collected from the center and perimeter, randomly in June, 2011, from the upper 10 cm (top soil) [9] . The samples were made in composite, homogenized and stored at 4˚C until use. 
Enrichment and Isolation of Atrazine-Degrading Rhodococcus sp
, M9 medium, with atrazine as sole carbon source in concentration 1.25 mg/2.5 mg (M9-Atz medium). A modified Mendalbaum et al. [10] method was adopted to isolate Rhodococcus degrading strain. 1 gram of soil sample was added to M9 medium and vortexed for 1 minute. 1 mL each of slurry was added to 250 mL of Erlenmeyer flask in replicates and supplemented with atrazine (1.25/2.5 mg). Another set-up contains only M9 medium, as control. All enrichment flasks were kept in shaker incubator at 30˚C under shaking at 150 rev·min -1 in the dark to preclude photolysis. After a period of two and four weeks, 0.1 mL were plated on M9-Atz agar and M9-agar, as control. All sets of plates were inoculated in triplicates, after enrichment cycles. A few morphologically distinct colonies on plates were further screened by plating on M9-Atz agar and M9 agar (control). The plates were kept at 25˚C for further analysis.
Growth and Degradation Studies
Freshly inoculated washed cells in M9-Atz medium were monitored using 6705UV-Vis spectrophotometer to determine cell growth, at interval of 0 hour to 140 hours. All experiment was carried out in triplicate and average (mean) used to plot cell growth versus time (hr) [8] . Heat-killed strain was used as control [10] . HPLC analysis was conducted using water-HPLC autosampler 600 model equipped with 996 photodiode array detector, with a mobile phase of acetonitrile/water (50:50) ratio at a flow rate of 1.0 mL mm, UV 226 nm and standard column. The samples from growth media were centrifuged and ultra filtered, and subjected to HPLC analysis. The parent atrazine was analyzed at every 10 minutes to check for periodical change in chromatographic peak.
Genetic Characterization of Rhodococcus sp Strain
DNA was extracted using GenElute bacterial genomic DNA kit. Fully grown, discrete colony on Luria-Bertani (LB) agar was picked and inoculated into LB broth. Overnight bacterial culture, with OD 600nm :0.5 was used for DNA extraction. PCR amplification of 16S r RNA genes was carried out using 63 F and 1387 R primers. PCR reaction on DNA sample were carried out using a standard set-up of 18. 
Catabolic Gene Analysis
The Atz ABC catabolic genes were determined using primers designed by Sigma-Aldrich, 2011, batch No. 981804499 in the strain DNA ( Table 1) .
Results and Discussion
The identity of the strain was determined by 16S rRNA gene sequencing analysis showed that the strain has maximum homology with Rhodococcus opacus B4 (97%), with both forward and reverse nucleotide sequence analysis. Any > 0.50 is considered an acceptable match [10] ( Table 2) . The mineralization studies of the Rhodococcus sp showed that the strain grows well in atrazine media (M9-Atz) (Figure 2) . Likewise, HPLC analysis from sample collected at 0 hour time, as compared to 24 hour, showed slight reduction in chromatographic peak in parent compound after 10 minutes retention time. The degradation intermediates of atrazine were not investigated. Uninoculated sample was used as control in HPLC analysis, while heat killed strains were used in the growth studies (Figure 3) . This preliminary knowledge provided the impetus to investigate the presence of homologous gene in Rhodococcus strain isolated (Figures 4 and 5) . As a negative control, bacteria known not to degrade atrazine was used, Rhodococcus jostii RHA1 was used as a positive strain. Specific primers Atz ABC designed by Sigma-Aldrich, 2011, were used for catabolic gene probe.
The biodegradation of atrazine generally involves a series of hydrolytic reaction catalyzed by enzymes the amidohydrases super family. Four enzymatic steps, first identified in Pseudomonas sp ADP are dehalogenation, deamination of the two alkylamino side chains and ring cleavage of cyanuric acid, a central metabolite in the degradation of all s-triazine [11, 12] . The genes Atz ABC that encodes the first three steps leading to the production of cyanuric acid was investigated in the Rhodococcus sp strain isolated. Several researches have established that the self transmissible genes are widely distributed in other atrazine-degrading bacteria [3] . Also, it has been confirmed that not all atrazine-degrading bacteria contain full complements of Atz ABC. Some, as seen in this study may contain Atz N, which substitutes of Atz A [13] . The strain contains BC catabolic genes, but not the Atz A gene, at various optimization of annealing temperature. The lack of using Atz N catabolic gene probe altered conclusive assumption on the pathway of the atrazinedegrading strain isolated.
Several studies have linked the genes to be plasmid encoded [8] . This is to be investigated in further characterization of the strain. The control, Rhodococcus jostii RHA1, provided strong and informative probes of 500 bp and 610 bp for Atz B (Figure 6 ) and Atz C (Figure 7 ) respectively in putative strain isolated. The Atz A was absence in both positive control and strains ( Table 2) investigated, but maybe likely that they possess Atz N as initially asserted. The presence of Atz BC catabolic gene is a strong indication of versatility, conservativeness and global distribution of atrazine-degrading, even if they belong to novel species. A putative Atrazine degradation pathway can be generated for the Rhodococcus sp strain investigated, as below (Figure 8 ).
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